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Terasawa

CR Flux Cosmic ray energy spectrum
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1

Flux (m?sr s GeV )

ELECTRONS / "SEC-STER-GEV

Cosmlc ray energy spectrum

1968
ELECTRONS

e/p~1% ... Why?

- - 4
o o o o 0o © Q
i © - N (] 03

- 1 particle m?2s™
ol 35 protons+nucleons
e -_KINETQ(; EnERGY (I\:a b Knea
1 F 1 particle m- year‘I
107" L \\"\
10" oA VERSTIZK
i HIRIF—IBLT
1022 REHANTDKRELN
1022 L
- Ankle /
102L 1 particle km2year ' ‘)
1030 L T
10° 10" 10° 10" 107 10 4

Energy (eV)

Terasawa



Ingredient in the DSA process: Terasawa
cyclotron resonance between turbulence and particles

gyroradius of particles, Rg ~ 1, wavelength of the turbulence
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Since energy dependence of Rg becomes indistinguishable between protons
and electrons above ~1010 eV (10GeV), differentiation between protons and

electrons should occur in the low energy regime (<~1GeV)

. electron injection problem
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Kolmogorov turbulence Terasawa

For an eddy of spatial scale { (with the characteristic velocity vy),

we have
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energy cascade rate: ¢ ~ ~ —
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Then the energy spectrum E(k) =
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Whistler wave turbulence (Cho & Lazarian, 2009) [(LLHOLKTEDODOHhD

Between the velocity and magnetic perturbations, we have the

relation
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Hada
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sub/normal/super-diffusion Hada

| < Ax® >~ 1" S
trapping ballistic motion
=sub-diffusion normal diffusion =super-diffusion

_

1 1 1 x? 1 1 x> s
P(x,t)=——— _ b L I S A
(D= POut) = e (= P () m!ds\/gexp( )
p=2 p=1 £=1/2
00 t
n(x,t)= I_wdx' j_ Oglz'P(x —x',t—t")O(x',1") P(x,t)= % CD(%
=0, P(x,1) el




Hada

®=0. 5 (subdlffuswe) ®=1.5 (superdlffuswe)
10* L1 10t

W, ul u2(10041)1041 g ] W, ul u2(10041)1041 g
nptcl, npo ut? 1000,100)1000, 10 ] nptcl, npo ut? 1000,100)1000, 10
arméV\)anus) (33) 325 | ] j arméV\)anus) (332525
L 103 AN 3

f(p)p>dp = N(p)dp | ‘(’ \, f(P)p*dp = N(p)dp
f(n)~p44 | ] RN f(nD)~p-3-4
Erett Le ol N PP

|

103—;

101—; — 101—;

10° I I I 10°
0 log(p)
| : | | 2(1)_
100- I
: 100-
o0 i B L
. Y Ot s sk
m i N - . . - B - 1(!)
- 100 - . -0




SEA=E:D

B A R IR A HEF R B DO 2 8 2 7o PR DT L WV 2 8
X7, SEEOLRMFEICBWTEFTICGEREZITo T T2
DI,

OFEFIERE (IAJE. Scholer, K¥fF, i)

O mOIEEH M & B IEE (Scholer, fATH)

OFEMIERE (BB, <Fi8)

OF BAJYEEOEFED b O (P H)

ORI DA A AL« IR R~ D F AR E

(RY-, o7&, Scholer, Lee)

O U ax 7 va A9 E R (EE)

O_RA—HF —#etMEOHFE (K8, Lee)

OFEHBTRNLF =AY MLOTERE (O, [UIR)

OSEP (K= /L ¥ —Hhi+) OMEET /L (FH)




Original Fermi Acceleration
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Hoshino

3D Reconnection with B;/B,=1
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Hoshino

3D Reconnection with B5/By=1
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Hoshino
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